Background There is a trend toward decreasing length of hospital stay (LOS) after TKA although it is unclear whether this trend is detrimental to the overall postoperative course. Such information is important for future decisions related to cost containment. Questions/purposes We determined whether decreases in LOS after TKA are associated with increases in readmission rates.
Introduction
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1.6-fold increase from 2005 [4] . TKA is a cost-effective and increasingly common procedure used to treat arthritis of the knee [15, 18] . Demand for primary TKA is increasing and projected to grow by 673% by 2030 [14] .
Despite the ability of TKA to reduce pain and improve function in patients with arthritis, it is a costly procedure. Thus, it is important to find ways of reducing costs while ensuring patients receive adequate operative and postoperative care. The equipment, personnel, and facilities needed for TKA comprise some of the costs, but the length of the postoperative hospital stay (LOS) is a major contributor. Factors contributing to LOS include preoperative, intraoperative, and postoperative variables. Some of the causes of increased postoperative LOS are modifiable while others are not. Previous studies of risk factors associated with prolonged LOS after arthroplasty describe female gender, increasing age, comorbidities, obesity, higher American Society of Anesthesiologists-Physical Status scores, longer incisions, longer operative time, the need for transfusion, and postoperative complications as being associated with increased LOS [2, 3, 5, 7, [10] [11] [12] .
LOS is decreasing for a broad variety of operative procedures. The causes are likely multifactorial and may include the introduction of less invasive procedures, the implementation of rigid perioperative protocols governing medications and perioperative procedures, and the streamlining of postoperative care by the implementation of evidence-based practices [13, 17] . Some suggest reductions in postoperative LOS in TKA are an effective cost reducer and do not increase postoperative adverse events (AEs) [9] . However, there are concerns that reductions in LOS may affect other postoperative outcomes, possibly causing prolonged stays in rehabilitation units, increasing adverse events after discharge, or increasing the need for readmission [6, 22] .
We therefore asked whether reduced LOS is associated with an increase in the rate of readmission. We also sought to describe the most common causes for readmission.
Patients and Methods
We collected data as part of the Medicare Patient Safety Monitoring System (MPSMS), a nationwide surveillance project aimed at identifying the rates of specific AEs in Medicare beneficiaries by identifying AEs in inpatient medical records and administrative claims data [8] . The Centers for Medicare and Medicaid Services and the Department of Health and Human Services Patient Safety Task Force led the coordination and development of the MPSMS. The MPSMS sample is a subset of the Hospital Payment Monitoring Program (HPMP) record sample. The Centers for Medicare and Medicaid Services randomly selects the HPMP sample each month, using the Medicare National Claims History (NCH), from a pool of approximately 1 million Medicare beneficiary hospital discharges across 50 states, the District of Columbia, Puerto Rico, and the Virgin Islands.
We drew our study sample from the MPSMS database, which included more than 180,000 hospital discharges between January 1, 2002, and December 31, 2007 . An equal number of charts was selected from each state. From within this larger sample, we selected the records of all 4063 patients who had TKA for degenerative arthritis during their hospitalization. We excluded six patients who died during their hospitalization or within the 30-day followup period. Thus, our sample consists of abstracted data from the medical records of 4057 Medicare patients. We recorded demographic and comorbidity characteristics of the study population ( Table 1) Our primary outcomes of interest were total LOS and 30-day readmission rate. We calculated LOS as a difference between dates of discharge and admission. If a patient was discharged at the same date as admission, we defined their LOS as 1 day. We calculated the rate of all-cause 30-day readmission from the NCH database by counting the total number of first rehospitalizations per 100 discharges within 30 days after discharge from a hospitalization that included a TKA, excluding patients who died during the index admission or within 30 days of discharge. We noted the recorded causes for the readmissions by International Classification of Diseases, Ninth Revision (ICD-9) code. We also reported the top 10 causes for 30-day readmission in our sample of 4057 patients receiving TKA.
We divided the sample into two subperiods, 2002 to 2004 and 2005 to 2007, to compare the outcomes of interest. We conducted descriptive and bivariate analyses to compare patient characteristics, LOS, and readmission rates between the two periods. We used the chi square test to compare dichotomous and categorical variables and the t test to compare continuous variables. Using these tests, we were able to generate 95% confidence intervals (CIs), p values, and odds ratios (ORs). We used the hierarchical generalized linear modeling (HGLM) approach to assess the odds of changing readmission rate and LOS over time, controlling for changes in patient demographic and clinical variables. All HGLMs were fitted with a random statespecific effect to account for within-state correlation of the outcomes and separate within-state variation from betweenstate variation. All statistical analyses were conducted with SAS 1 Version 9.1.3 (SAS Institute Inc, Cary, NC) and HGLMs were estimated using the GLIMMIX macro in SAS 1 .
Results
We observed a reduction (OR = 1.27; 95% CI = 1.25-1.29; p \ 0.0001) in LOS between the 2002 to 2004 period (4.1 ± 2.0 days) and the 2005 to 2007 period (3.8 ± 1.7 days) ( Fig. 1 ). The overall mean LOS from 2002 to 2007 was 3.9 ± 1.9 days. The overall rate of readmission in the 30 days after discharge was 228 of 4057 (5.6%). The HGLM supported a decrease (p \ 0.001) in LOS and no increase in readmission rate from 2002 to 2007 (Table 2 ). There was no difference in the rate of readmission between the 2002 to 2004 period (5.5%) and the 2005 to 2007 period (5.8%) (OR = 1.08; 95% CI = 0.88-1.32; p = 0.46).
The top 10 causes accounted for 31.1% of all causes for admission. Causes for readmission varied, and multiple causes were often listed per admission ( Table 3 ). The top 10 causes for readmission did not include venous thromboembolic syndromes. Three of the top 10 causes for readmission were cardiac in nature, making up 53.9% of the top 10 readmission causes. Acute myocardial infarction alone made up 2.2% of all causes of readmission after TKA.
Discussion
Given the increasing need for TKA and the budget constraints of the Medicare system, it is in the interest of patients, payers, and providers to find ways of reducing costs while minimizing complications and still achieving 
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Year 30-day All-cause Readmission Rate (%) Mean Length of Stay (days) Fig. 1 A graph shows the mean LOS and 30-day all-cause readmission rate in our sample of Medicare beneficiaries receiving TKA between 2002 and 2007. The LOS decreases while readmission rates remain stable. LOS = length of stay the goals of the procedure. We sought to use a large Medicare data set to evaluate concurrent trends in LOS and readmission rates, in hopes that it would inform policy decisions by showing the consequences, or lack thereof, associated with decreasing LOS.
Our study was subject to limitations. First, we used administrative claims data to determine AEs after hospitalization, including 30-day causes of readmission. ICD-9 and Current Procedural Terminology codes can be ambiguous and may have overestimated or underestimated the prevalence of events, depending on the coding practices of the individual or the institution. Thus, we could only consider our conclusions to be associations and could not prove causation because of the possibility of omitted variable bias. However, using a database provided a relatively large study population. Second, we abstracted the chart outcomes, such as comorbidities, directly from the hospital charts as opposed to claims data. As this is a timeconsuming process, nonphysicians completed the chart reviews using algorithms developed by physicians. While this could have led to inaccurate data, this method was far less costly than physician review, and it was likely it allowed for more sensitive detection of more AEs and comorbidities than if using inpatient claims data alone. Third, we observed some differences in demographics and comorbidities over the time period studied. Though we controlled for the comorbidities and demographics, there may have been other unmeasured characteristics of the TKA population that affected LOS and readmission rates, thereby potentially introducing bias into our results. Fourth, the MPSMS is a random sample from a set of allcause hospitalizations. It was from this sample that we selected all TKA patients. Though the initial sample was designed to be nationally representative of all discharges, it was not designed to be nationally representative specifically for TKA patients. Further, an equal number of charts was abstracted from each state rather than selecting a number proportional to the population in each state. This may have introduced bias in the sample.
Over the time period studied, we found a decrease in overall postoperative LOS and no change in the 30-day readmission rate, indicating no association with decreasing hospital LOS and increases in readmission rate. Though the mean decrease in LOS over the time period studied was less than 1 day, it is important to note this indicates more patients were discharged on Postoperative Day 3 rather than Postoperative Day 4, as our unit of measure for LOS was entire calendar days. Though the decrease in LOS that we show may seem inconsequential to an individual patient, it likely represents a substantial difference in aggregate Medicare hospital costs, and the fact that readmission rates were stable in this time period suggests cutting costs by decreasing hospital stays could occur without increasing AEs requiring hospitalization. Given the projected rise in need for TKA and the projected rise in Medicare costs, these findings are timely and their policy implications should be carefully considered.
We chose to tabulate all-cause readmission as opposed to attempting to associate readmissions with the initial surgery. As the mechanisms that cause medical risk in the postoperative period were not completely elucidated, we believed the conservative decision to assess all-cause readmission was the appropriate approach. There was a large body of literature assessing LOS after arthroplasty and some studies attempted to test its relationship to readmission rates (Table 4) [1, 12, 16] . Unfortunately, comparing results between these studies was difficult as methodologies, study populations, and surgical practice settings differed. At the time of this study, there was no other study that specifically considered all-cause readmission after primary TKA in the Medicare population. A recent Danish study [12] used a slightly different methodology to assess LOS and readmission rates after TKA in a population-based study. They observed 784 patients who received TKA from 2004 to 2008, during which total LOS decreased from a mean of 4.6 day to 3.1 days, as a result of the implementation of a ''fast-track'' perioperative program. During the same time period, they noted the 90-day readmission rate increased from 12.9% to 20.4%. Readmission rates were much higher in the Danish study than in ours, despite the fact that the Danish study attempted to only count those readmissions that were attributable in some way to the initial operative procedure. However, the study had longer followup than ours, creating the potential to capture more readmissions. They also observed an increasing trend in the rate of readmission after TKA, which did not coincide with our study. This may be due to differences between thresholds for hospital admission in Denmark and the United States. They noted thresholds for readmission for diagnoses of deep venous thrombosis, infection, dislocation, and decreased ROM were lower in Denmark than in other settings, possibly accounting for more admissions. In fact, suspicion of deep venous thrombosis accounted for more than 1 .
2 of all readmissions in the Danish study.
A recent study of 5718 patients who underwent TKA in the Kaiser Permanente Southern California Hospital system between 2001 and 2004 reported an average LOS of 3.6 days and a 90-day readmission rate of 3.5% [1] . This study also suggested patients discharged to skilled nursing facilities had higher rates of 90-day readmission but found no independent relationship between LOS and readmission rates. The low readmission rates we reported in this study likely reflect the exclusion criteria of the study, which excluded patients with American Society of Anesthesiologists-Physical Status scores of 3 or greater and all patients experiencing surgical complications during their initial hospitalization.
A population study using Medicare claims data over the year 2000 found the mean 90-day readmission rate for acute myocardial infarction after primary TKA to be only 0.8% [16] . The direct reasons for this difference were not readily apparent and were especially remarkable since the followup period for this study was three times longer than our study, creating the potential to capture more readmissions. The reasons for the different results are likely multifactorial, potentially relating to differing baseline demographics, sample sizes, and preoperative comorbidities of the study population, as well as changing thresholds for hospital admission. Regardless of the cause, these results indicate readmission rates for myocardial infarction after TKA in the Medicare population may have increased since 2000.
Cardiac comorbidities are common among candidates for TKA and these results may indicate more caution should be taken during preoperative screening and postoperative followup. Research also suggests more TKA operative candidates are at greater risk for cardiac complications than our current preoperative screening protocols identify. In a recent prospective study of dobutamine stress echocardiography (DSE) involving 96 patients with no history of ischemic heart disease scheduled to undergo elective arthroplasty, seven (7.3%) had abnormal results and five (5.2%) developed postoperative cardiac events [19] .
Other studies also suggest the risk of cardiac events after lower extremity arthroplasty is greater than after other orthopaedic procedures [20] . Our data and other reports in the literature seem to suggest our preoperative screening and postoperative followup are inadequate, necessitating a shift to a lower threshold for preoperative screening tests, such as DSE, evidence-based usage of perioperative beta blockade, and possibly a scheduled followup with a primary care physician in the acute postoperative period after discharge [21] . Though it seems likely the subset of patients receiving TKA at high risk for cardiac complications needs more postoperative care, it remains unclear whether they would benefit from more inpatient care or careful outpatient followup would suffice. Our data suggest postoperative LOS after TKA declined from 2002 to 2007. The 30-day readmission rates have remained relatively stable over the same time period, indicating the decrease in LOS does not result in an increase in readmission rates. This may indicate improved efficiency and cost savings, accompanied by preserved quality of patient care. Cardiac complications are the most common readmission diagnoses. Future efforts to improve preoperative cardiac screening and optimize cardiac status before and after discharge may lead to lower rates of readmission in the future.
